These days, much attention is being focused on sudden death among Japanese workers. In particular, death due to occupational-stress-related cardiovascular attack, mainly triggered by long working hours, i.e., karoshi, is of rising social and academic concern'). However, very few epidemiologic surveys have been carried out on sudden death among Japanese workers. In a previous study, we reported that cases of sudden death increased with age and included death from cardiovascular origins at a rate of about 80% of the 141 sudden death cases among male Japanese workers'). In a 6-year follow-up study in a Japanese electric company with 20,000 male workers, Sakai reported descriptive epidemiology on 39 sudden death cases which also increased with age'). The epidemiology of sudden death among Japanese workers requires further study.
Willich et al. stated that investigation of circadian and seasonal variation in the occurrence of myocardial infarction and sudden cardiac death could be of great help in the study of causal mechanisms in such cardiac events4). We reported a seasonal variation showing double peaks of occurrence of sudden death in April and December').
In Japan, many workers feel busy and stressful around April and around December. This may be partly related to the fact that many Japanese corporations have set the period for the settlement of accounts (SA) in March, the fiscal-year end in Japan, and workers may feel more pressed than usual to raise their work performance. In addition, December is called shiwasu in Japanese, implying that it is busiest month. The original meaning of the word is "the month of busy priests who must run about attending to religious services at the calendar-year end"'). Such psychological stress may increase the risk of cardiovascular diseases for workers in these periods. The chronological pattern of occurrence of various diseases should therefore be investigated to clarify the etiologic relationship.
The present study aims to describe the epidemiologic characteristics, especially those related to the seasonal variations of sudden death among the working population in large-scale establishments with 1,000 or more workers.
In particular, we examined the synchronization of the sudden death cases with the period of SA of the establishments investigated and the natural calendar.
Materials and Methods
Study population and information collected From the reports of the 1991 Establishment Census conducted by the Statistic Bureau, Management and Coordination Agency (Soumucho-Toukeikyoku, in Japanese)6), we selected a total of 1,300 establishments. This is the entire number of establishments in Japan with 1,000 workers or more. Questionnaires were mailed to the occupational health physicians of each establishment to obtain information on sudden death cases which occurred in each establishment between January 1, 1988 and December 31, 1992. Information requested included gender, date of birth, date of death, time of death, all descriptions regarding cause of death which were included in the death certificate of each case, and the interval between onset of the acute symptoms related to the death and death. Post-mortem information was also requested if it was available. When death certification was not available, the information was requested from other medical records that could specify the cause of death.
We coded the underlying cause of death of the cases by the 9th revision of the International Classification of Diseases (ICD-9), and categorized them into cardiovascular diseases coded 401-405, 410-414, 422 429, 441-444, and 456; cerebrovascular diseases coded 430-437.
Of the 1,300 establishments, 95 had participated in the previous survey noted above 2). According to the results, 31 establishments had one or more sudden death cases and the others had none during the study periods. To avoid re-reporting of the cases, we informed the 31 establishments that they need not report the cases again.
Definition of sudden death
The definition of sudden death used was a natural death occurring within 24 h after the onset of acute symptoms in a person who had had no restriction on his daily work activity prior to the onset. This definition is consistent with that of WHO').
Statistical analysis of seasonal variation
In general, the usual chi-square test does not aim to define secular trend patterns in the data. It must be supplemented by more specific tests"'. Thus, to evaluate anal variation in the occurrence of sudden death, we employed the non-parametric method introduced by Freedman with Kolmogorov-Smirnov type statistics. The method is applicable to both when the incidence or mortality data for several years are compressed to the form of a series of 12 monthly totals and to when no long-term trend exists during the study period9). Briefly, the Freedman's method is as follows: Supposing N subjects in the sample that the time of occurrence of the event in question is, for the ith patient, t. (i=1, ..., N) where t1 is the time from the beginning of the year, these two functions, F(t) and FN(t), are given. F(t) is the cumulative distribution function, F(t)=P(t1 s t) = t/365 1. FN(t) is the sample cumulative distribution function, FN(t) = j/N, where j is the number of cases with t. s t. Since the one-sided Kolmogorov-Smirnov type statistics, D N + and DN , are defined by D N + = max(FN(t) F(t)), 0 s t S 3651, and DN = Imin(FN(t)-F(t))I, 0 S t s 3651, VN is redefined as VN = DN+ + DN with the important property of independence of the beginning point from which t is measured. When the data are grouped into 12 months, the VN can be redefined as VN = D N + + DN = max(FN(t)-F(t)) + Imin(FN(t)-F(t))I, 0:-< t s 12, because both the cumulative distribution function, F, and the sample cumulative distribution function, FN, become a step function with 12 steps. Using the table of asymptotic distribution of VN' statistical significance can be assessed for a certain data grouped into 12 months').
Synchronization of the sudden deaths with the workers' busy periods
In order to examine the synchronization of the sudden deaths and the workers' busy periods, we focused on the numerical difference between the month of sudden death and the month of SA for each case. By subtracting the number of the calendar month (1 for January, 2 for February, and so forth) of SA from the calendar month of sudden death, the relationship was expressed as 6, 5, ..., 0, +1, +2, ..., or +5 fixing the month of SA to position zero. For example, if sudden death occurred on July 18, 1990 , and the month for SA was set in March in his establishment, the difference would be +4 (=7-3). If the worker died on Nov. 20, 1992 , and the month for SA was set in December in his establishment, the difference would be 1 (=11-12). The month of SA was determined for each of the 611 establishments that validly responded to the questionnaires as described below 1112). compared the monthly difference between sudden death and SA by age category (44 or younger, 45-54, and 55 or older), by cause of death (cardiovascular disease, cerebrovascular disease, and others), and by type of industry (manufacturing or not manufacturing). After categorizing cases into two groups by whether the SA of the establishment was in March or not, the monthly difference was also compared.
Results
Of the 1,293 establishments (7 were excluded due to their leaving no trace), 611 validly answered the questionnaires for a response rate of 47.3%. Regarding types of industry, manufacturing industries numbered 445 (72.8%) of the respondents (Table 1) . Categorizing the 557 establishments with known numbers of total workers, 380 (68.2%) were among those with 1,000-2,999 workers, 58 (10.4%) among those with 3,000-4,999 workers, 45 (8.1 %) among those with 5,000-9,999 workers, and 17 (3.1 %) among those with 10,000 or more workers. The other 57 establishments (10.2%) were categorized into those with 999 or fewer workers. The mean number of workers (± SD) was 2,696 (± 3,385), and the median was 1,679. The range of number of workers was 106 to 51,000. Table 1 . Distribution of industry of study subjects and respondents Of a total of 502 sudden death cases reported including 488 males, 13 females, and 1 sex-undistinguished, 488 male cases comprised the study subjects. Mean age (± SD) at death was 47.9 (± 10.0) years. Table 2 shows the distribution of causes of death by age category among the 488 subjects. As for the causes of death, cardiovascular diseases were reported in 362 cases (74.3%), cerebrovascular diseases in 84 cases (17.2%), and other diseases in 26 cases (5.3%). As for the age at death, 212 were 45-54 yr (43.4%), 159 were 44 yr or younger (32.6%), and 116 were 55 yr or older (23.8%). Post-mortem information was available for only 27 cases (5.5%) which included 22 cardiovascular diseases, three cerebrovascular diseases, one other disease, and one unknown origin, as the cause of death. Figure 1 shows the seasonal variation in occurrence of sudden death of the 488 subjects, 362 cardiovascular cases and 212 cases aged 45-54. For all cases, two peaks can be identified in March-April and in November-December. Fifty-two cases (10.7%), the highest number, occurred in April, forty-eight (9.8%) in December, and forty-seven (9.6%) in March and November. For the cardiovascular cases and the cases aged 45-54, a peak was also found in March-April, and a smaller one in November-December. Cardiovascular cases accounted for about 70-80% of each of the monthly totals. On the other hand, cases aged 45 54 accounted for uneven percentages of each of the totals, from 32% (11/34) in June to 60% (25/42) in May. The Freedman's non-parametric method produced the values of VN, 0.092, 0.091, and 0.125, for all cases, the cardiovascular cases, and the cases aged 45-54, respectively, which all indicated statistically significant departure from uniform distribution (p<0.01). Table 3 shows the distribution of months for SA among the 611 establishments.
Of the 466 workers with identified months for SA, 367 (78.8%) were employed in establishments with March as the month for SA. Also, of the 487 establishments with identified months for SA, 393 (80.7%) had March as the month for SA. Figure 2 shows the monthly difference between sudden death and the SA of each case's establishment for all 466 sudden death cases, 349 cardiovascular cases, and 201 cases aged 45-54. For all cases, double peaks were found at positions 4 and 3, and at positions +1 and +2. One hundred cases (21.5%) were included in the former and eighty-seven cases (18.7%) in the latter period. For the cardiovascular cases, double peaks were found in the same periods as for all the cases. On the contrary, for the cases aged 45-54, the highest peak was found in the period corresponding to positions zero, +1, and +2. Figure 3 shows the monthly difference between sudden death and the SA of each case's establishment among the workers whose SAs were in March (n=367) and the workers whose SAs were in months other than March (n=99). In the former groups, 101 cases (27.5%) concentrated in the period corresponding to positions zero, +1, and +2. In particular, 60 cases of the workers aged 45-54 were concentrated in the same periods, which accounted for 35.9% of the total number of the workers Using the Freedman's method for the calendar month of each death, statistically significant departure from uniform distribution was shown only in the cases aged 45-54, with a value of VN=0.120 (p<0.05). On the other hand, in the group of workers with SA in months other than March, 31 cases (31.3%) were concentrated in the period corresponding to positions 4, 3, and 2. Twenty-two cases of workers aged 44 or younger were included, which accounted for 44.9% of the workers aged 44 or younger. Using the Freedman's method for the calendar month of each death, statistically significant departure from uniform distribution was found only in the cases aged 44 or younger, with a value of VN=0.214 (p<0.05). Freedman's method). Fig. 3 . Monthly difference between sudden death and SA by age groups in the workers whose SAs were in March (n=367, above) and in the other months (n=99, below). Statistically significant departure from uniform distribution was found in the cases aged 45-54 (p<0.05, above) and in the cases aged 44 or younger (p<0.05, below) by the Freedman's method.
Discussion
The seasonal variations in diseases are affected by a variety of factors, physiological, medico-scientific, meteorological, socioeconomic, and so forth. The pattern of variation may differ over time and by country"'. As for the seasonal variation in sudden death or sudden cardiac death in the developed countries, many authors have asserted that they frequently occurred in the cold season or in winter showing a single peak'a, 15) To our knowledge, there are a few reports that sudden deaths and cardiovascular diseases among workers increased in the period when stress might increase. Hayashi et al. noted that sudden death occurred more in March and September with relation to work-related stress due to increased workload among male employed workers aged 25-65 in Niigata, Japan, in 1986-198816'. They also mentioned that the workers might be busiest towards the fiscal-year end and in the period of semi-annual SA in many corporations. Spielberg et al. reported that occurrence of myocardial infarction increased in March and September among workers in Germany for a nine year periods''. They discussed the possibility that the stress due to resumption of work might play a role in triggering myocardial infarction because those two months were just after summer or winter vacation. Therefore, the seasonal variation with two peaks may result from a situation where workers cannot control stressful working conditions. The distribution of SA was similar to that of sudden death with two peaks, one in March and the other in December. As shown in Fig. 2 , however, only a small excess of sudden death was found just after the period of SA, that is, at positions zero, +1, and +2, which mainly included the cases who died in March, April, or May. The number of sudden deaths was rather higher at positions 4 and 3, which mainly included the cases who died in November or December. These facts indicate that a large proportion of the sudden deaths might not necessarily occur in the same periods as the SA or just after the SA.
Nevertheless, as shown in Fig. 3 , relatively more sudden deaths occurred at positions zero, + 1, and +2 among workers aged 45-54 with the SA in March. On the other hand, occurrence was not found for workers aged 45-54 with the SA not in March. These facts indicate that the workers aged 45-54 may tend to suffer from adverse health effects in the work environment with the SA in March. Generally speaking, some workers aged 45-54 may be responsible for their workplace as well as family, making the effect greater. It is therefore possible that workers aged 45-54 may have stronger susceptibility to adverse health effects around the SA periods than workers in other age groups.
As for the characteristics of Japanese working style, many workers were loyal to their companies, especially after World War II, and many suffered ill health as a result of accumulated work in busy periods"). In addition, Nishiyama and co-author pointed out the fact that the Japanese Production Management system was very problematic, that is, Japanese corporate society created an atmosphere in which doing unpaid overtime work was considered to be a virtue19'. Regarding a link between adverse health effects and long working hours, Hayashi et al. noted that 24-h average blood pressure and heart rate increased under the condition of overtime work among Japanese white-collar workers20'. Maruyama and Morimoto reported that long working hours might be associated with higher stress among Japanese middle managers21 . Sokejima and Kagamimori indicated that extremely long working hours might increase the risk of acute myocardial infarction22'. Spurgeon et al. showed that working beyond 50 h a week might cause adverse health effects23'. Thus, in busy periods such as the month of SA, overtime work is prevalent in Japan and may result in an increase in the number of workers suffering ill health. According to the national statistics in Japan, monthly average working hours in all industry were the highest or the second highest in April, 1988-19922¢28'. In particular, the highest number of working hours in manufacturing industry was that in April in the period, except in 1990. The monthly and annual average working hours in the industry were as follows: 190.5 and 181.1 in 1988, 189.1 and 179.3 in 1989, 185.7 and 176.6 in 1990, 182.0 and 173.2 in 1991, and 176.6 and 168.1 in 1992, respectively. In addition, the monthly average working hours in March, November, and December were higher than each annual average in the period, with a few exceptions. These facts support the association of sudden death with busy period for workers, although the actual working hours of the sudden death cases were not individually measured in this study.
Psychological stress in workers may be increased by factors other than long working hours in Japan. At the fiscal-year end, personnel changes and transfers of workplace are often conducted, which may result in psychological stress and fatigue. In fact, some authors reported that suicide among workers increases in spring, and this might be associated with work-related stress29,10) Therefore, the two peaks observed in the seasonal variation of sudden death among Japanese workers may be attributed to the following reasons. First, the peak in March-April may be accounted for by workers aged 45 54 employed with the SA in March because their health may be more vulnerable due to higher stress than workers in other age groups or those without SA in March. The other peak in November-December may be accounted for not by a limited number of workers but by all workers because Japanese workers are commonly pressed to work harder in the periods near the calendar-year end. Also, exposure to cold temperature, a generally established risk factor in cardiovascular disease, and a factor common to all workers, may partly contribute to the peak in November-December.
The most frequent causes of death were categorized as cardiovascular diseases, 362 cases (74.3%), and the second most frequent as cerebrovascular diseases, 84 cases (17.2%), even though few autopsy reports were available. The distribution of cause of death was not so different from the results of preceding studies on sudden death in Japan, one of which was carried out with post mortem information'' and the others with death certification 32,11). Despite the response rate of the current study, 47.3%, such similarity in the distribution of cause of death contributes to the internal validity of the study.
The sudden deaths occurred with annual variation, i.e., 69 cases in 1988 (14.1%), 92 cases in 1989 (18.9%), 91 cases in 1990 (18.7%), 108 cases in 1991 (22.1 %), and 128 cases in 1992 (26.2%). The occurrence of annual variation is probably due to the fact that information for more recent years could be more easily reported. Three establishments actually informed the researchers that they could not report the deaths which had occurred in 1988 and in 1989 because the capacity of their data recording system was limited to holding only data for the past three years. If other establishments had such limits, some sudden death cases may have been excluded.
The results shown above may not necessarily reflect the aspects of disease incidence and/or mortality among the whole working population in Japan because our investigation was restricted to establishments with one thousand or more workers. According to the results of the 1991 Establishment Census, the number of workers employed in the establishments and that of the total number of workers were 2,631,051 and 55,013,776, respectively''. Thus, the proportion of the working population in this study was estimated to be 4.78% of privately owned Japanese establishments. In addition, the number of establishments with one thousand or more workers and that of all establishments were 1,300 and 6,559,377, respectively').
Thus, the proportion of establishments in this study was approximately 0.02% of all privately owned Japanese establishments. The external validity may be limited because the study subjects were a part of the entire Japanese working population.
In this study, it was impossible to estimate the incidence of sudden death among Japanese workers because the person-year of workers could not be calculated in each establishment. Therefore, we substituted frequency for incidence. Under the assumption of a stable target population, the frequency can be of use for an epidemiological survey.
In conclusion, we carried out the questionnaire survey to investigate the seasonal variation in the occurrence of sudden death among workers in large-scale establishments in Japan between 1988 and 1992. Of 488 male sudden death cases reported, 362 were categorized into those of cardiovascular origin. Two peaks of occurrence of sudden death, in March-April and in November-December, were found among all of the 488 sudden death cases and the 362 cardiac cases with statistically significant departure from the uniform monthly distribution (p<0.01). The peak in March-April may be accounted for by the increased number of sudden deaths in workers aged 45-54, whereas the peak in November-December may be accounted for by the increased number of sudden deaths for all, not a limited number of workers. Because both peaks were associated with busy periods for workers in Japan, work environmental factors may affect the seasonal variation as shown by the distinctive shape of the curve of sudden death among workers.
